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Abstract 
Condensers are widely used in chemical industry, refrigeration, air-conditioning and power generation systems. In this paper, the thermal 
design of a desuperheater-condenser has been carried out manually as well as using HTRI software. The paper provides information about 
the types and classification of condensers. The primary objective of this study is to design a desuperheater-condenser for Ammonia-Water 
system. Ammonia-Water system is widely used in the refrigeration industry. The manual calculations are based on standard co-relations 
available in various literatures. The results have been compared with HTRI. After comparative analysis the reasons for variation have 
been identified, critically reviewed and discussed. It has been observed that manual calculations often become lengthy and iterative. HTRI 
has a rigorous and integral approach which gives more accurate results as well. HTRI is the most widely used software in the industry. 
But it is also important to verify the results with manual calculations. Likewise, manual design should also be verified with industrial 
software like HTRI. It may happen sometimes that due to human error, manual design results may come out to be somewhat inaccurate. 
So in order to have a good and optimized design, manual and software based calculations should be carried out simultaneously and 
verified with each other.  
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Institute of Technology Nirma 
University, Ahmedabad, Gujarat 
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Nomenclature 
HTRI Heat Transfer Research, Inc. 
CFC Chlorofluorocarbon 
TEMA Tubular Exchanger Manufacturers Association 
AES Fixed-tube sheet TEMA type exchanger 
P Pressure Drop (kPa) 
1. Introduction 
Condensers are used extensively in chemical and petroleum processing, for distillation, refrigeration, and power 
generation systems. Condensers are an integral part of almost all the operations in the process industry. Condensers are 
basically two-phase flow heat exchangers in which the heat is generated when vapours are converted to liquid. The heat 
generated is rejected to a cooling medium, which acts as a heat sink. In condensers, the latent heat is given up by the process 
fluid and is transferred to the cooling medium. Cooling water or surrounding air is generally used as cooling medium in 
most of the operations in the industry.  
Usually the vapors that enter a condenser are saturated. But in many operations, the process fluid may enter the 
condenser in the form of superheated vapors. This generally happens when the vapors are not obtained as distillate of a 
distillation column. The superheated vapors are first desuperheated until saturation and then condensed takes place. The 
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process fluid then leaves the condenser as a saturated or a sub-cooled liquid, depending upon the temperature of the cooling 
medium and design of the condenser. 
This paper provides information about the types and classification of condensers. The primary objective of this study is 
to design a desuperheater-condenser for Ammonia-Water system used in refrigeration industry. The desuperheater-
condenser has been designed manually as well as with HTRI. A comparative analysis of both the results has been carried 
out. The reasons for variation have been identified, critically reviewed and discussed.  
1.1. Classification of Condensers 
A detailed classification of condensers is available in various literatures. But a brief classification is discussed in this 
section. Condensers can be classified mainly as direct contact and indirect contact type. In direct contact type condensers, 
the cooling medium and condensing vapor are brought into direct contact. On the other hand, in indirect contact type 
condensers, the coolant and condensate stream are separated by a solid surface, like a tube wall. Indirect contact type 
condensers can be further classified as Shell and Tube Condensers (usually using water as a coolant), Air-cooled condensers 
or Extended surface condensers (using air as coolant), and Plate type condensers [1]. 
Condensers can also be classified as partial or total. When a pure component is considered, it will condense isothermally 
and will be totally condensed. If a mixture of components is considered, then it can be either be condensed totally or 
partially based on process conditions.  
Condensers are also classified based on the possible configurations and orientation. Mainly four types of configurations 
are possible viz. Horizontal (with condensation in the shell), Horizontal (with condensation in the tubes), Vertical (with 
condensation in the shell), Vertical (with condensation in the tubes) [2,3]. 
Often condensers are classified based on the cooling medium being used. Water and Air are mainly used as cooling 
medium for most operations. Water is most commonly used as a cooling medium due to its ease of operation. But 
availability of water has declined over the past, so air is increasingly becoming an attractive choice for cooling medium. The 
choice between air and water depends on various other factors, like, location, weather conditions, space available, design 
pressure and design temperature, fouling, cleaning and maintenance and most importantly capital cost [1,3]. 
Based on the condensing service, one more classification can be drawn for condensers. Condensers often perform 
desuperheating and subcooling and thus, condensers can be classified based on possible combinations viz., Only Condenser, 
Desuperheater-Condenser, Desuperheater-Condenser-Subcooler and Condenser-Subcooler [4]. 
2. Design of Desuperheater-Condenser 
Design of a condenser is considered more complicated and interesting than a simple heat exchanger. But the design of 
desuperheater-condenser is more interesting because it includes both sensible and latent heat transfer. Desuperheating is 
basically a phenomenon where vapors undergo sensible cooling. Due to this reason, the heat transfer coefficient is lower for 
desuperheating. On the other hand condensation involves latent heat transfer. So while designing a desuperheater-condenser 
the exchanger has to be divided in two separate zones viz. Desuperheating zone and Condensation zone. Desuperheating 
zone is considered as a no-phase change zone. 
2.1. Case Study: Thermal Design of Ammonia-Water Desuperheater-Condenser 
To analyze the design of desuperheater-condenser, a case study has been taken up using Ammonia-Water system. 
Ammonia is widely used in the refrigeration industry. In vapor-compression cycle of refrigeration, ammonia vapors are 
compressed to superheated state. The superheated ammonia vapors need to be condensed to liquid. Ammonia based 
refrigeration systems costs 10-20% than CFC systems. Also ammonia is safer for the environment. In this case study the 
condenser has been designed manually as well as by HTRI Xchanger Suite Educational 6.0 and a comparison based on the 
results has been drawn. Superheated Ammonia vapors are to be condensed and water is used as coolant. So, as discussed 
above, Ammonia vapors are first desuperheated and then condensed by rejecting heat to Water. Ammonia leaves the 
condenser as a saturated liquid. The detailed manual calculations have not been shown in the paper. Only the results and 
analysis have been shown here. Aspen HYSYS, Version 2004.2 has been used for generating the physical properties for 
manual calculations. 
Problem Statement: Superheated Ammonia vapours enter the condenser at a temperature of 120oC and a pressure of 
16.435 bars (absolute) with a circulation rate of 0.6841 kg/s and are being condensed at 42oC. Cooling water is used as a 
cooling medium with inlet and outlet temperatures as 32oC and 38oC respectively. Desuperheating of Ammonia vapours 
takes place till 42oC (saturation temperature) and then the vapours are condensed.  
2.2. Design Steps for Manual Design of Ammonia-Water Desuperheater-Condenser 
For manual design of Ammonia-Water desuperheater-condenser, the following steps have been followed [5,6]: 
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 Allocation of the fluids on shell side and tube side. 
 Calculation of heat duty (for desuperheating and condensing). 
 Calculation of water flow-rate. 
 Generating physical properties. 
 Selection of appropriate condenser geometry. 
 Estimation of intermediate temperature based on condensation duty. 
 Calculation of mean temperature difference for desuperheating and condensation separately. 
 Assumption of a trial value for the overall coefficient for desuperheating and condensation separately. 
 Estimation of area required for desuperheating and condensation separately. 
 Estimation of number of tubes and selection of number of tube passes. 
 Calculation of shell diameter. 
 Calculation of shell side and tube side heat transfer coefficients. The shell side coefficients for desuperheating and 
condensation are calculated separately. 
 Finding overall coefficient for desuperheating and condensation separately and comparison with assumed trial value.  
 Calculation of area provided based on overall coefficient and then calculation of % overdesign. 
 Estimation of shell side and tube side pressure drop. The shell side pressure drop for desuperheating and condensation 
are calculated separately. 
2.3. Design Considerations 
For designing the desuperheater-condenser, some points such as fluid allocation, tube layout and passes, baffle type 
etc. have been considered. Ammonia has been allocated to shell side. As water is the cooling medium, it is preferably routed 
through the tube side as it is more corrosive and fouling. A square tube layout has been selected, as ammonia service is 
corrosive and would require continuous cleaning lanes, which cannot be accommodated in triangular layout [7]. Six tube 
passes have been selected (as the optimum value), because at two and four passes, the tube side velocity comes out to be 
less than 1 m/s. To avoid fouling, the tube side velocity should be kept greater than 1 m/s. Single segmental baffles with 250 
mm of baffle spacing and 25 % baffle cut (optimized values) have been selected. Double segmental baffles or No-tubes-in-
window baffles can also be selected, but they give a slightly lower value of heat transfer coefficient and, % overdesign is 
also decreased [8,9]. TEMA AES type exchanger has been selected. E-shell is the simplest in construction and also cheapest 
as compared to other shell types [10]. 
S
necessary data have been taken from relevant literatures [4,5,6]. 
2.4. Design of Ammonia-Water Desuperheater-Condenser using HTRI 
To carry out a comparative analysis, the Ammonia-Water desuperheater-condenser has been designed in HTRI 
Xchanger Suite Educational 6.0 software. All the geometrical parameters have been kept same as in the Manual design. The 
exchanger geometry selected in HTRI is TEMA AES.  
Ammonia is allocated to shell side and Cooling Water is allocated to tube side. For generating the fluid properties in 
HTRI, Component by Component method is used and Ammonia and Cooling Water are selected from the database as the 
hot and cold fluid respectively. 
HTRI divides the condenser in various small sections. HTRI follows an integral approach to calculate the process related 
parameters and other geometry details. Detailed output results are generated by HTRI in accordance with TEMA standards. 
HTRI also generates the Tube Layout and the Exchanger Drawing as a part of the results. 
3. Results and Discussions 
3.1. Results 
Designing a heat exchanger is an art. So many parameters have to be taken care of, and for a good design, it is very 
necessary to analyse the effect of all the design parameters simultaneously. While designing a heat exchanger manually, it is 
very difficult to vary different parameters simultaneously and analyse the effect. Manual calculations become more of a trial 
and error loop. On the other hand, design software such as HTRI are more rigorous and provide detailed and more accurate 
results. 
The results obtained from the thermal design of Ammonia-Water desuperheater-condenser have been depicted in Table 1. 
After analyzing the Output Summary and Final Results  obtained from HTRI a comparative analysis has been carried out 
between the Manual design results and HTRI results, which have been shown in Table 2. The key points of the design have 
been discussed in the subsequent section.  
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Table 1. Salient Process Parameters and Thermal Design Summary 
 
 Shell side Tube side 
Fluid Ammonia Water 
Flow Rate, kg/s 0.6841 35.97 
Operating Pressure, kPa 1643.5 100 
Temperature in/out, oC 120 / 42 32 / 38 
 1.22 / 13 49.13 / 70 
Heat Duty, kW 903.78 
Material of Construction SS 304 
Tube Length, mm 3000 
Tube OD, mm 19.05 
Tube ID, mm 15.748 
Tube thickness, mm 1.651 
Tube Layout 45o square 
Tube pitch, mm 23.8125 
No. of tube passes 6 
Baffle cut % 25 
Baffle spacing, mm 250 
 
 
Table 2. Comparative analysis of Manual design and HTRI design 
 
Parameters Manual Design HTRI Design 
Type of Exchanger TEMA AES TEMA AES 
Shell  ID, mm 840 840 
No. of shell side passes 1 1 
No. of Tubes 784 742 
Heat transfer area, m2 116.62 129.019 
Heat Duty, kW 903.78 889 
Shell side  
Velocity, m/s 1.78 0.51 
Pressure drop P, kPa 1.2234 1.795 
Heat transfer coefficient (Desuperheating), W/m2oC 200.46 } 4995.21 Heat transfer coefficient (Condensation), W/m2oC 11636.27 
Flow fraction A     0.00 
Flow fraction B     0.87 
Flow fraction C     0.13 
Flow fraction E     0.00 
Flow fraction F     0.00 
Tube side  
Velocity, m/s 1.42 1.41 
Pressure drop P, kPa 49.13 53.292 
Heat transfer coefficient, W/m2oC 6567.32 7081.82 
Overall heat transfer coefficient, W/m2oC  
Desuperheating 174.64 } 1084.04 Condensation 1214.62 
% Overdesign 20. 29 % 20.63 % 
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3.2. Discussions 
Based on the comparative analysis of both the manual design and HTRI design, following observations have been 
made. Almost all the parameters in HTRI design are matching with the parameters obtained in manual design. Some critical 
points have been discussed below: 
 Heat duty: Heat duty obtained in manual design is 903.78 kW and in HTRI design is 889 kW. This variation may be 
because HTRI calculates the specific heat value of Ammonia at its critical conditions. Then the value is interpolated 
which might not be very accurate.  
 Number of tubes: The number of tubes obtained in manual design are 784, whereas number of tubes obtained in HTRI 
are 742. When the exchanger is designed manually the pitch (whether triangular or square) does not affect the number 
of tubes, but when the same exchanger is designed in HTRI, the pitch affects the number of tubes. HTRI considers all 
the mechanical clearances and so it accommodates lesser number of tubes in a square layout. 
 Shell side pressure drop: The shell side pressure drop obtained in manual design is 1.2234 kPa and that obtained in 
HTRI is 1.795 kPa which is very low. But as the heat transfer is taking place through condensation and not convection, 
there is no need of having a very high pressure drop. Moreover, a high pressure drop would lower the equilibrium 
condensing temperature and hence it would reduce the temperature driving potential. This would lead to an increase in 
required surface area. 
 Pure Condensing component: Ammonia is a pure condensing component. While dealing with condensing or boiling 
fluids, it is necessary to specify whether the component is pure or not. Otherwise, the program considers a vapour-phase 
resistance by default and that may result in inaccurate results. But for condensing pure components there is no vapour-
phase resistance. 
 Baffle spacing: As per design guidelines, the baffle spacing in condensation should be kept equal to the shell diameter. 
But the condenser is handling vapours, and so the possibility of flow-induced vibration is very high. So in order to 
eliminate the problem of vibration in the above design, baffles have been placed more closely at a distance of 250 mm 
(optimized value) from each other. 
 Baffle orientation: In HTRI the baffle cut for segmental baffles is kept vertical to for shell side condensation in order 
to allow the condensate to flow towards the outlet without significant liquid holdup by the baffle.   
 Impingement plate: A circular impingement plate has been provided in HTRI design as per TEMA requirements. 
Impingement plate prevents tube erosion from suspended condensate droplets and also prevents tube vibrations due to 
the entrance velocity of vapours [10]. 
 Flow fractions: Manual design does not account for bypass and leakage streams through the exchanger geometry. On 
the other hand, HTRI takes the bypass and leakage streams into account while designing the condenser. In order to 
block or minimise the leakage through A, E, F and C streams, and to increase the fraction of main heat transfer stream 
B, 6 pairs of sealing strips and 10 seal rods have been incorporated in HTRI design. This results in zero flow fractions 
for A, E and F streams and 13 % for C stream.  This in turn increases the main heat transfer stream B to 87 %. All the 
flow-fractions are within limits as per TEMA guidelines [7,10]. 
 
Summary 
The design of desuperheater-condenser has been carried out both manually and with HTRI. Almost all the parameters in 
HTRI design are matching with the parameters obtained in manual design. There are slight variations in heat duty, number 
of tubes and shell side pressure drop. So in order to have a good and optimized design, manual and HTRI based calculations 
should be carried out simultaneously. 
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